The present work addresses the optimization of process parameters for adsorptive removal of α-toluic acid by calcium peroxide (CaO 2 ) nanoparticles using response surface methodology (RSM). CaO 2 nanoparticles were synthesized by chemical precipitation method and confirmed by Transmission electron microscopy (TEM) and high-resolution TEM (HRTEM) analysis which shows the CaO 2 nanoparticles size range of 5-15 nm. A series of batch adsorption experiments were performed using CaO 2 nanoparticles to remove α-toluic acid from the aqueous solution. Further, an experimental based central composite design (CCD) was developed to study the interactive effect of CaO 2 adsorbent dosage, initial concentration of α-toluic acid, and contact time on α-toluic acid removal efficiency (response) and optimization of the process. Analysis of variance (ANOVA) was performed to determine the significance of the individual and the interactive effects of variables on the response. The model predicted response showed a good agreement with the experimental response, and the coefficient of determination, ( R 2 ) was 0.92. Among the variables, the interactive effect of adsorbent dosage and the initial α-toluic acid concentration was found to have more influence on the response than the contact time. Numerical optimization of process by RSM showed the optimal adsorbent dosage, initial concentration of α-toluic acid, and contact time as 0.03 g, 7.06 g/L, and 34 min respectively. The predicted removal efficiency was 99.50%. The experiments performed under these conditions showed α-toluic acid removal efficiency up to 98.05%, which confirmed the adequacy of the model prediction.
Introduction
In recent years, the removal of organic pollutants and valuable chemicals from the aquatic environment and waste solutions has received a great interest. α-Toluic acid (phenylacetic acid) is an organic compound with a phenyl functional group and a carboxylic acid functional group. It is being produced by the hydrolysis of benzyl cyanide [1, 2] and catabolic activities of the microorganism from various synthetic and natural aromatic compounds, such as aromatic amino acids, lignin, styrene, etc. [3] . α-Toluic acid is ex-✩ Peer review under responsibility of Tomsk Polytechnic University. due to their higher surface to the volume ratio [11] , which can improve the adsorption capacity [12] . Calcium peroxide is white or yellowish solid peroxide, considered as temperature stable inorganic peroxide. It has been used as adsorbents for the removal of arsenic from wastewater, removal of toluene from petroleum products, and cleanup of oil spills, etc. [13] [14] [15] .
The conventional method of optimization of the adsorption process involves multiple experiments to determine the optimal conditions showing maximum adsorption or removal efficiency [16] . Process optimization using the conventional approach of one factor at a time (OFAT) involves variation of one parameter at a time while other parameters are involved at an unspecified constant level [17] . It does not represent the combined effect of all the factors involved. The limitation of OFAT method can be eliminated by optimizing all the affecting parameters collectively by using the statistical experimental design. Response surface methodology (RSM) is one of the statistical techniques widely used to (i) design experiments, (ii) study the interactive effect of various parameters on the response, and (iii) predict the optimum conditions to showing a maximum response [18] . It is very useful for the enlargement of a process by improving the yield, reducing time, and lowering the operational cost [19] . The multiple regression analysis in the RSM helps to build a model that represents the actual experimental response. The analysis of variance (ANOVA) is incorporated in the RSM to evaluate the adequacy of the model and to test the significance of the model terms [18, 20] . This method is appropriate for fitting a non-linear quadratic correlation, and for calculating the response surface correlation between the input and obtained parameters [20] .
To the best of our knowledge, the literature on optimization of α-toluic acid adsorption process by RSM is not available. This is a first of its kind experimental study that deals with optimization of the adsorption of α-toluic acid using CaO 2 nanoparticles as adsorbent using RSM. In the present work, optimization of the process was carried using RSM to study the interactive effects of independent variables on α-toluic acid removal efficiency (response). The RSM predicted response was compared with our experimental data to understand the predictive capacity of the model. Fig. 2 shows the detailed structure of the overall present work. 
Experimental

Equipment
X-Ray Diffractometer (XRD) [PANalytical X'pert Pro] analysis of the particles was performed in the range 20 °to 70 °(2 θ range) with a step size of 0.01 °using Cu target ( λ = 1.5406 Å ). Transmission Electron Microscopy (TEM) analysis of particles was performed in PHILIPS-CM 200, operated at 20-200 kV. High Resolution transmission electron microscopy (HRTEM) of particles was performed using JEOL JEM-2100. A digital pH meter (Spectral Lab Instrumental Pvt. Ltd., India) was used to measure the pH.
Synthesis of CaO 2 nanoparticles
The detailed CaO 2 nanoparticle synthesis procedure is given in our earlier article [21] and elsewhere [13, 22] . Briefly, 3 g CaCl 2 was first dissolved in 30 mL water, followed by addition of 15 mL NH 3 .H 2 O (1 M) and 120 mL PEG-200 solution. The mixture was allowed to stir at 250 rpm, and 15 mL H 2 O 2 was immediately added to it at the rate of three drops per minute for about 1 h. The stirring was continued, and the pH of the mixture was adjusted to 11.5. The formation of CaO 2 nanoparticles was indicated by the change in color of the suspension from yellow to white. The suspension was centrifuged at 10,0 0 0 rpm for 5 min, and the CaO 2 nanoparticles were collected. Finally, the particles were washed thrice using 0.1 M NaOH solution, and then twice with distilled water, and dried at 80 °C for 120 min in a vacuum oven. The dried CaO 2 nanoparticles were later used for the adsorption experiments.
Few milligrams of the dried particles were used for characterization by XRD, TEM, and HRTEM.
Adsorption study
Batch adsorption experiments for the removal of α-toluic acid from aqueous solutions using CaO 2 nanoadsorbent were designed using response surface methodology using Design Expert (7.0.0) software (trial version). The interactive effects of CaO 2 adsorbent dosage, initial α-toluic acid concentration, and contact time on the α-toluic acid removal efficiency were studied in the range of 0.008-0.03 g, 6.8-13.47 g/L, and 5-60 min respectively ( Table 1 ) . A total of 20 experiments were carried out based on the experiment design ( Table 2 ). In a typical adsorption experiment, 10 mL aqueous α-toluic acid solution of known concentration was taken in 100 mL Erlenmeyer flask containing a known mass of CaO 2 nanoadsorbent. The flask containing the suspension was kept in a water bath controlled shaker (REMI, RSB-12, India) and shaken at 22 ± 2 °C for a specified time for α-toluic acid adsorption. The suspension was then centrifuged at 30 0 0 rpm for 5 min and the CaO 2 nanoparticles were collected. The supernatant was filtered using 0.45 μm filter (Whattman) and the residual CaO 2 nanoparticles were separated.
The α-toluic acid concentration in the supernant was determined by NaOH titration using the phenolphthalein indicator [21] . The consistency of the titration was observed within ±2% by repeating the experiments thrice and average values were reported.
The α-toluic acid removal efficiency was calculated as:
is the initial concentration of α-toluic acid and C t (g/L) is the α-toluic acid concentration at time t , after adsorption.
Response surface methodology (RSM)
RSM is an effective experimental design technique used to determine the main, quadratic and interactive effects of independent variables on the response [23, 24] . It is widely used to improve and optimize the processes. It requires only minimal numbers of experiments to evaluate the interactive effects of multiple variables on the response. The quantitative data obtained from the experiments that were used as input to the RSM to develop a regression model equation were then used to predict the response [25] . In the present work, the central composite design (CCD) of RSM was used to investigate the interactive effects of independent variables on the α-toluic acid removal efficiency (response) using CaO 2 nanoparticle as an adsorbent. The independent variables selected were adsorbent dosage ( x 1 ), initial concentration of α-toluic acid ( x 2 ), and adsorption contact time ( x 3 ). In a 2 3 fractional factorial CCD for three independent variables, the number of experiments ( N ) required to carry out was calculated using the below equation [26] : where n is the number of independent variables ( n = 3), n c is the number of central points ( n c = 6). Hence, 20 experiments were performed (see Table 2 ) to develop a model equation and determine the optimal conditions showing the maximum response. The independent variables were coded with low level as −1 and high level as +1 ( Table 1 ). The axial points kept were ( ±α, 0, 0), (0, ±α, 0), and (0, 0, ±α), where α is the distance between the axial point and the center point which equals to 1.682 (rotatable).
To predict the response, a quadratic polynomial equation was developed by the RSM involving the interactions of the independent variables:
where Y is the predicted response (removal efficiency), β 0 is the model constant, β i the linear terms, β ii the quadratic terms, β ij the interaction terms, x i and x j (i = 1 → 3: j = 1 → 3: i = j) represent the coded form of independent variables.
The relationship below the coded ( x i ) and the real values ( X i ) is represented as:
where x i and x j are the dimensionless coded values of the independent variables, X 0 is the center point of X i and X is the step change in X i . To obtain the quadratic model, each independent variable was varied over levels, i.e., axial points (+ and -) and the center point. Analysis of variance (ANOVA) was performed to evaluate the adequacy of the model, and to determine the coefficients of the individual and the interactive model parameters.
Model terms which are of significance were selected based on the p -value and F -value [27] . The goodness of the quadratic model fit with the experimental α-toluic acid removal efficiency was determined by the correlation coefficient ( R 2 ). Design Expert 7.0.0 was used for the regression analysis, statistical significance of model equations, and optimization of the process variables to achieve the response.
Results and discussion
XRD, TEM and HRTEM analysis of CaO 2 nanoparticles
Fig . 3 [21] . The average particle size ( D ) of CaO 2 was calculated from the highest intensity peak (002) using the Debye-Scherrer equation [28] :
where K is the Debye-Scherrer constant equal to 0.89, λ is the X-ray wave length equal to 1.5406 Å , β is the full width at half maximum of (002) peak and θ is the Bragg angle (in radians). The calculated average CaO 2 particle size was 16.8 nm. Fig. 4a shows the size and morphology of CaO 2 nanoparticles examined by TEM. In Fig. 4a the particles are seen spherical, single and isolated which is due to the presence of PEG-200 stabilizers on CaO 2 nanoparticle surface resulting due to steric stabilization in the dispersed form. The observed size range of particles is 5-15 nm, which is in closer agreement with the XRD particle size. Fig. 4b shows the HRTEM image of a single CaO 2 nanoparticle. The presence of multiple planes in a single particle at different orientations suggests that the synthesized CaO 2 nanoparticles are highly polycrystalline in nature.
Adsorption isotherm
The initial α-toluic acid concentration ( C 0 ) was varied from 6.8 to 13.47 g/L, at a constant contact time of 60 min, with 0.01 g CaO 2 nanoparticles at 25 °C. The equilibrium adsorption capacity of α-toluic acid ( q e ) on the CaO 2 nanoadsorbent was calculated as:
where q e is the equilibrium capacity of α-toluic acid on the adsorbent (g/g), C e is the equilibrium concentration of α-toluic acid in solution after adsorption (g/L), V is the volume of solution (L), and W is the mass of CaO 2 nanoparticles in (g). The Freundlich isotherm is applicable to both the monolayer and multilayer adsorption, which assumes that adsorption occurs on heterogeneous surface. The linear form is expressed as [29] :
where K F is the Freundlich isotherm constant and n is the Freundlich isotherm exponent. that monolayer adsorption of α-toluic acid takes place over the homogeneous CaO 2 nanoparticle adsorbent surface [31, 32] .
Response surface modeling using central composite design
Adsorption experiments were carried out by varying three independent variables' CaO 2 nanoparticle dosage (0.008-0.03 g), initial concentration of α-toluic acid (6.8-13.47 g/L), and contact time (5-60 min) ( Table 1 ) . Using CCD, the predicted and the experimental response for varying conditions are shown in Table 2 . Based on the sequential model sum of squares, models such as linear, quadratic, cubic models, etc. were listed by the software. Among these, the quadratic model was recommended as it had the highest order polynomial with the additional terms significant, and the model was not aliased.
The quadratic model in terms of coded factors after excluding the insignificant terms is expressed below to predict the response ( Y ):
The result of ANOVA test for the model Eq. (9) is summarized in Table 3 . A p value less than 0.05 was chosen as the criteria which show the statistical significance of a variable of an effect at 95% confidence level [33] . F value is the ratio of mean square value of each source variable to the residuals [34] . The higher the F value, the greater the significance of the corresponding source variables. Based on F and p values the significant variables x 1 , x 2 , x 3, x 1 x 2 , and x 2 2 were selected and the above model Eq. (9) was developed. The correlation between the predicted and the experimental response is shown in Fig. 5 . Experimental values are the measured values for a run arranged by the CCD, and the predicted values are from the model Eq. (9) . The predicted and the experimental response show a very good agreement with each other, and the coefficient determination ( R 2 ) of 0.92 implicates a good adequacy of the model. Hence, the developed model is capable of relating the response and the significant variables.
The interactive effects of initial concentration of α-toluic acid and CaO 2 adsorbent dosage on the α-toluic acid removal efficiency at a constant contact time of 32.5 min is shown as 3D response surface plot ( Fig. 6a ) . It can be observed that at low adsorbent dosages, the α-toluic acid removal efficiency decreases with increasing the concentration, whereas, at higher adsorbent dosages, the removal efficiency increases with the initial α-toluic acid concentration. The increase in removal efficiency with an increase in adsorbent dosage is attributed to the increase in a number of binding sites of the adsorbent surface. Singh et al. [23] also showed that the Rhodamine B removal efficiency increases with an increase in magnetic nanocomposite (adsorbent) dosage. Similarly, Abdel-Ghani et al. [35] reported that the removal efficiency of lead increases with increasing adsorbents such as rice husk, maize cobs and saw dust. From Fig. 6a , a maximum of 98.65% removal efficiency can be observed at an initial α-toluic acid concentration = 10.135 g/L, and adsorbent dosage = 0.037 at a constant contact time of 32.5 min.
The combined effect of CaO 2 adsorbent dosage and contact time at a constant initial α-toluic acid concentration of 10.135 g/L on the α-toluic acid removal efficiency is shown in Fig. 6b . It could be noted that for both an increase in contact time and the adsorbent dosage the removal efficiency increases. An increase in adsorbent dosage results in more of binding sites available for the α-toluic acid molecules to adsorb, whereas, an increasing contact time provides enough time for the molecules to bind on the adsorbent sites. Similar results were reported by Arulkumar et al. [36] for the Orange G dye removal by adsorption on the activated carbon. Garg et al. [37] showed that the malachite green dye removal efficiency increases with increase in both sawdust and time.
From Fig. 6b , a maximum of 98.65% α-toluic acid removal efficiency can be observed at contact time = 32.5 min and adsorbent dosage = 0.037 g for a constant initial α-toluic acid concentration of 10.135 g/L. Fig. 6c shows the interactive influence of initial α-toluic acid and contact time on the α-toluic acid removal efficiency at a constant CaO 2 adsorbent dosage of 0.019 g. It is evident that at a constant adsorbent dosage, an increase in the initial concentration decreases the removal efficiency. Increasing the contact time did not show any pronounced effect as the rate of adsorption is faster and equilibrium adsorption took place much faster on the limited number of active sites available. Sen [38] also found that the initial concentration of methylene blue dye has more influence on the removal efficiency than the contact time. Similar results were shown by Ansari and Mosayebzad [39] for the removal of methylene blue from aqueous solution using sawdust. From Fig. 6c , a 
Optimization of process conditions using desirability function
From Table 2 , it can be observed that the response depends on the set of experimental conditions chosen. However, the condition for a specific run is not an optimum order to showing the maximum response. Hence, the optimization of process has to be carried out to determine the optimal conditions showing maximum response. To achieve this, numerical optimization using Design Expert 7.0.0 was performed. Desirability function ranging from 0.0 to 1.0 was set as the criteria for determining the optimum conditions showing the maximum response. A desirability function value closer to 1 gives the optimized conditions with a maximum response [40] . The overall desirability function depends on the goal set. The goals are "maximize, minimize, target, is in range, and none." In our case, the goal "is in range" was set for each independent variable with a lower limit and a higher limit. The goal "maximize" was set for the response. The lower limit for the CaO 2 Table 4 Conditions set to determine the overall desirability functions for optimization of α-toluic acid removal via adsorption using CaO 2 nanoparticles. adsorbent dosage, initial concentration of α-toluic acid, and contact time kept were 0.008 g, 6.8 g/L, and 5 min respectively. The higher limit for the CaO 2 adsorbent dosage, initial concentration of α-toluic acid, and contact time kept were 0.03 g, 13.47 g/L, and 60 min respectively. The upper and the lower weights (used to adjust the shape of desirable function) for each goal was set as 1. Table 4 shows all the conditions set to determine the overall desirability function. To achieve the goals, the programs begin at a random starting point and proceed up the steepest slope to a maximum. The numerical optimization gave a point where the desirability function was 1. At this point, the best local maximum from the ramp desirability function for each independent variable was found ( Fig. 7 ) . From this study, the desired optimal conditions for the CaO 2 adsorbent dosage, initial concentration of α-toluic acid, contact time and the target response were found to be 0.03 g, 7.06 g/L, 34 min and 99.50% respectively. In order to validate the predicted optimal conditions, experiments were carried out under these conditions and 98.05% α-toluic acid removal efficiency was achieved. Table 5 shows the comparison of predicted and the experimental response at the optimal conditions. A good agreement between the predicted and the experimental response confirms the adequacy of the model.
Conclusion
CaO 2 nanoparticles were prepared by chemical precipitation method and characterized using different techniques XRD, TEM, and HR-TEM. CCD proved to be very effective in predicting the α-toluic acid removal efficiency. The model showed that the initial concentration of α-toluic acid and CaO 2 adsorbent dosage has more influence on α-toluic acid removal efficiency than the contact time. ANOVA test showed the significance of the developed RSM model. The predicted optimal conditions for CaO 2 adsorbent dosage, initial concentration of α-toluic acid, and contact time were found to be 0.03 g, 7.06 g/L, and 34 min respectively, which showed experimental removal efficiency up to 98.05%. Comparison of the model predicted and experimental response gave R 2 of 0.92, proving the model as efficient in determining the α-toluic acid removal efficiency using CaO 2 nanoparticles as an adsorbent. CaO 2 nanoparticles were used as adsorbent for effective removal α-toluic acid from its aqueous solution.
